ABSTRACT. Recent freshwater policy reforms in New Zealand promote increased community involvement in freshwater decision making and management. Involving community members in scientific monitoring increases both their knowledge and their ability to discuss this knowledge with professionals, potentially increasing their influence in decision-making processes. However, these interactions rarely occur because, in particular, of perceptions that volunteer-collected data are unreliable. We assessed the agreement between volunteer (community group) and local government (regional council) data at nine stream sites across New Zealand. Over 18 months, community groups and regional council staff monitored, in parallel, a common set of water quality variables, physical habitat, periphyton and benthic macroinvertebrates that are routinely used by regional councils for statutory state of environment reporting. Community groups achieved close agreement (correlations ≥ 0.89, bias < 1%) with regional councils for temperature, electrical conductivity, visual water clarity, and Escherichia coli. For dissolved oxygen, nitrate, and pH, correlations were weaker (0.2, 0.53, and 0.4, respectively). Volunteer assessments of physical habitat were as consistent over time as those of councils. For visual assessments of thick periphyton growths (% streambed cover), volunteers achieved a correlation of 0.93 and bias of 0.1% relative to councils. And for a macroinvertebrate biotic index that indicates water and habitat quality, correlation was 0.88, bias was < 5%, and the average difference was 12% of the index score. Volunteers showed increased awareness of local freshwaters, understanding of stream ecosystems, and attentiveness to local and national freshwater issues. Most volunteers had shared their knowledge and interest with others in their community. Most groups had developed relationships with their regional council, and some volunteers became more interested in engaging in freshwater decision making. Given adequate professional support, community-based water monitoring can provide data reliable enough to augment professionally collected data, and increase the opportunities, confidence, and skills of community members to engage in freshwater decision making.
INTRODUCTION
Globally there is increasing recognition that decision making for complex environmental issues must involve community stakeholders for the solutions to be appropriate and widely accepted (United Nations 1993 , Bradshaw 2003 , Wismer and Mitchell 2005 , Land and Water Forum 2012 . Consistent with global trends, freshwater decision making and management in New Zealand increasingly involve active participation by local communities, enabled by increased emphasis on collaborative decision making in the government's National Policy Statement for Freshwater Management (NPS-FM; MfE 2014).
Public participation in ecological monitoring, a form of citizen science, has increased greatly around the world in the past two decades (Silvertown 2009 , Dickinson et al. 2012 , Bonney et al. 2014 , Huddart et al. 2016 and is widespread in New Zealand (Peters et al. 2015a) . One of the reasons for this growth is the need for greater data coverage in environmental research and management, and the potential for volunteers to collect vastly more data than government agencies and professional researchers can (e.g., Fore et al. 2001 , Sharpe and Conrad 2006 , Morin 2009 , Dickinson et al. 2012 . In New Zealand, the need for spatially detailed data has increased with the shift to collaborative freshwater planning processes (G. Sevicke -Jones, Environment Southland, personal communication) .
Globally, there are few examples of government agencies regularly using volunteer data alongside professional data for official reporting and management (Hunsberger 2004 , Sharpe and Conrad 2006 , Dyer et al. 2014 , Buckland-Nicks 2015 ; but note exceptions in Nerbonne and Vondracek 2003 , Nerbonne et al. 2008 , Latimore and Steen 2014 . In New Zealand, although a majority of community environmental groups report sharing their monitoring data with project partners in government or science institutes (Peters et al. 2015b) , institutional systems for using volunteer data are lacking (Peters et al. 2015b ). This lack of integration is due to several factors, in particular, doubts about the reliability of volunteer-collected data , Hunsberger 2004 , Gollan et al. 2012 , Bonney et al. 2014 . In New Zealand, such doubts among decision makers result in a lack of council support to maximize data quality and lend credibility to community monitoring, while doubts among volunteers reduce their motivation to continue collecting data (Peters et al. 2015b) . Providing evidence that community-based monitoring data can be reliable, therefore, would address a critical barrier to successful integration of community-based monitoring in decision making.
A number of previous studies have assessed the reliability of stream monitoring by volunteers in relation to professionals (Reynoldson et al. 1986 , Penrose and Call 1995 , Au et al. 2000 , Fore et al. 2001 , Engel and Voshell 2002 , Nicholson et al. 2002 , Nerbonne and Vondracek 2003 , Sharpe and Conrad 2006 , Gowan et al. 2007 , Loperfido et al. 2010 , Shelton 2013 , Coates 2013 , Moffett and Neale 2015 . Most have concluded that, with appropriate resourcing and robust protocols, volunteer data agree closely enough with professional data for use in government http://www.ecologyandsociety.org/vol21/iss4/art32/ Involving community members in monitoring increases not only their ability to contribute data, but also their ability to discuss their knowledge with experts (described as "interactional expertise" by Carolan 2006) . Community members participating in environmental monitoring also commonly show increased scientific literacy, greater awareness of local ecosystems and wider environmental issues, stronger social networks including relationships with local government, and greater interest in freshwater planning (Bliss et al. 2001 , Savan et al. 2003 , Overdevest et al. 2004 , Pollock and Whitelaw 2005 , Stepenuck and Green 2015 , Peters et al. 2015b . All of these benefits may lead to more effective community engagement with government in freshwater decision making.
Our aims were to (1) determine the reliability of stream monitoring data collected by volunteer community groups compared with those collected by professionals (regional authorities) for a range of common statutory State of Environment (environmental condition and trend over time) reporting variables; (2) determine the kinds of support volunteer groups require to collect and deliver reliable data; (3) assess some of the associated benefits of monitoring for improving public engagement in freshwater decision making.
METHODS

Sites
Nine community groups monitored at sites spread across five of New Zealand's 16 regions, including Auckland, Waikato, Gisborne, and Greater Wellington in the North Island and Nelson in the north of the South Island. Most community groups sampled all variables at a single stream site, but two groups sampled water quality in a different stream to where invertebrates and physical habitat were assessed. The 11 sites spanned a range of levels of human impact, including four with significant urban influence, five in predominantly rural catchments, and two that drained mostly forest (Table 1) . Streams ranged from second to fifth order, draining catchments between 3 and 200 km². Most streams had beds composed mainly of gravels and cobbles, but the two Auckland sites had naturally soft bottoms dominated by sand, silt, and/or clay.
Community groups and regional councils
At each site, the community group sampled in parallel with the regional authority, referred to hereafter as regional council (as it is known in New Zealand) or just "council." Regional councils are the main freshwater resource management agencies in New Zealand. Five regional councils were involved (Table 1) . Community groups consisted of between 3 and 10 people, though most groups had three to four people present on any one sampling occasion. For most groups, one or two core members were present on almost every sampling occasion, but one group experienced a complete change of members during the study. The two Auckland groups belonged to Wai Care, an organized program within Auckland Council that supports volunteer stream monitoring (http://www.waicare.org.nz). These two groups had an experienced co-ordinator on site for each sampling occasion. Almost all volunteers were aged over 40 years, and a high proportion were aged over 60 years. However, one group had a number of younger members (20-40 years) and one of the Wai Care groups consisted of high school students (< 20 years) led by an adult co-ordinator. About one third of volunteers had a current or previous occupation in a field related to science. The age range and the previous science experience of volunteers in this study are typical of what we know of stream monitoring groups in New Zealand. 
Field methods
Study design
Parallel sampling of water quality and periphyton required the community group and council to sample the same site within 1-2 hours of each other, such that they both sampled essentially the same water conditions. On some occasions, councils were on site at the same time as volunteers, but usually did not assist volunteers with their sampling. Parallel macroinvertebrate sampling required the community group and council to sample within 1-2 days of each other, assuming no high flow events occurred between them. Most groups began sampling in February or March 2014, and continued until July-August 2015, spanning a period of 17-18 months. Water quality sampling and periphyton assessments were conducted monthly, providing up to 17 data points per site (Tables 1, 2) , while macroinvertebrate sampling and physical habitat assessments were conducted every six months, providing up to four data points per site.
Field data collection: council protocols
The variables measured were a subset of those measured for State of Environment (SoE) monitoring, which councils conduct to fulfil their obligations under New Zealand's Resource Management Act (1991). Councils made all measurements using their routine SoE protocols. These involved field measurements of temperature, dissolved oxygen, electrical conductivity (a measure related to total dissolved solids), and pH using professional-quality probes, visual clarity using a black disc with underwater viewer (Davies-Colley and Smith 2001) and laboratory analysis of water samples for nitrate and E. coli bacteria as an indicator of faecal pollution. Periphyton was assessed visually as percent cover of different growth forms (filaments, cyanobacterial mats, other thick mats, thin films, sludge, bare area; Kilroy et al. 2013) at 20 x 1 m-diameter circles across the width of the river.
Benthic macroinvertebrates were sampled by most councils using Protocol C1 of Stark et al. (2001) , which involves kicking streambed sediments over a total area of 0.6 to 1.0 m², and collecting dislodged invertebrates in a net. The two Auckland sites were sampled using Protocol C2 for soft-bottomed streams (Stark et al. 2001) , which differs by focusing sampling efforts on aquatic plants and wood. Identifications were to the level described for calculating Macroinvertebrate Community Index scores by Stark and Maxted (2007) , which is genus for most insect orders and family or subfamily for Diptera. More details are given in Storey et al. (in press) . Councils assessed physical habitat using the Rapid Habitat Assessment method (Clapcott 2015) . This visual assessment method involves scoring, on a 20-point scale, nine inchannel, streambank, and riparian characteristics including deposition of fine sediment, quantity and quality of invertebrate and fish habitat, variety of flow types, bank stability, riparian vegetation type and width, extent of riparian shade, and artificial alterations to the stream banks and bed.
Field data collection: community group protocols
Community groups measured the same suite of variables as councils, but using equipment based on the Stream Health Monitoring and Assessment Kit (SHMAK; Biggs et al. 2002) developed by the National Institute of Water and Atmospheric Research (NIWA). This kit was designed to be affordable for community groups.
We did not formally test the accuracy of the volunteers' equipment nor separate differences in equipment performance from differences in skill between volunteers and professionals. Temperature and electrical conductivity were measured using EuTech ECTestr™ 11 probes, dissolved oxygen using LaMotte Direct Reading Titrator kits, pH using Aquaspex™ pH-Fix 4.5-10.0 indicator strips, and nitrate using Aquaspex™ microtest Nitrate-N NED (HS) kits. Visual clarity was measured at clearwater sites using the same black disc equipment as used by http://www.ecologyandsociety.org/vol21/iss4/art32/ councils (Davies-Colley and Smith 2001) and at turbid sites using the SHMAK clarity tube (Kilroy and Biggs 2002) . E. coli was measured by filtering up to 100 mL of water sample through a Pall™ Microcheck II Beverage Monitor filter cup, placing the filter membrane face down onto a 3M Petrifilm™ plate, incubating the plate at 33-35 °C for 48 hours in a temperaturecontrolled incubator, then counting the number of blue colonies on the plate. For waters with high E. coli counts, 1 mL of water sample was applied directly to the Petrifilm™ plate instead of filtering. Periphyton was assessed using the same method as councils, but using 10 replicates instead of 20.
Macroinvertebrates were collected using the same protocol as councils, but live animals were identified and counted on site in a white tray. Animals were identified according to the Wai Care Invertebrate Monitoring Protocol (WIMP; Jones et al. 2007 ), a system for volunteers to identify macroinvertebrates and score them according to their pollution tolerance. WIMP distinguishes fewer "taxa" than recognized by councils (e.g., three mayfly taxa compared to > 18).
Physical habitat assessments were made using a slightly simplified version of the Rapid Habitat Assessment method used by councils. The language was simplified and assessments for invertebrate and fish habitat were combined into one (reducing the number of metrics from nine to eight).
Volunteers were given a half-day training in methods for water quality sampling and analysis, and in identification of macroinvertebrates. They were provided with a written handbook of methods and identification guides for macroinvertebrates (Wai Care Invertebrate Field Guide; Jones et al. 2007 ) and growth types of periphyton (Kilroy et al. 2013 ). For measuring E. coli, groups were provided with an instructional video and a written handbook for E. coli methods. Some volunteers consulted frequently with the NIWA authors or regional council staff for advice, while others rarely did.
Data analysis
Concordance between community group and council data was quantified for each variable using Pearson correlation coefficients and a measure of bias (bias correction factor). Bias correction factor measures how far the best-fit line deviates from a line at 45 degrees, with a value of 1 indicating no deviation (Lin 1989) . It was calculated using the epi.ccc function in the R package "epiR." Analyses were performed using R version 3.1.1 (R Core Team 2014). Accuracy of community group data was estimated as the average difference between community group and council measurements for each variable over all sampling occasions.
In addition, for variables with established condition bands we measured the agreement between community group and council classification in these bands. Bands representing "healthy," "slightly impacted," "moderately impacted," and "unacceptable" stream condition are specified in the National Objectives Framework (NOF) of New Zealand's NPS-FM (MfE 2014) for dissolved oxygen, nitrate (toxicity), E. coli, and periphyton, and NOF condition bands for pH are proposed by Davies-Colley et al. (2013) . For periphyton, the NOF condition bands are defined in terms of biomass of chlorophyll a (mg Chla /m²). We converted units of chlorophyll a biomass into periphyton weighted composite cover (PeriWCC) using the formula in Matheson et al. (2016) . PeriWCC is defined in Matheson et al. (2016) as the following: PeriWCC = % cover of filaments + (% cover of thick mats)/2.
Council macroinvertebrate data were summarized by two metrics commonly used for SoE reporting. These were Macroinvertebrate Community Index (MCI; Stark and Maxted 2007) and %EPT, the abundance of pollution-sensitive mayflies (Ephemeroptera), stoneflies (Plecoptera), and caddisflies (Trichoptera) as a percent of total invertebrate abundance. For community group data, WIMP tolerance scores were used in place of MCI scores to calculate Wai Care Macroinvertebrate Index (WMI) scores using the same formulae as for MCI. Condition bands for MCI were those defined in Stark and Maxted (2007) for "excellent," "good," "fair," and "poor" stream condition, and the same bands were applied to WMI scores.
Follow-up community group interviews
About four months after the monitoring finished, we conducted focus group interviews with each of the nine community groups. The interviews were designed to identify volunteers' motivations for taking part in the monitoring, the benefits and challenges they experienced, and the support they would need to continue monitoring long term. The benefits we explored were increases in science literacy, awareness of freshwater and broader environmental issues, and interest in engaging in freshwater decision making. Each focus group had between two and six participants, making a total of 34 participants. Prior to the group discussion, participants filled out a questionnaire to record individual comments. In each focus group, the researcher covered a series of discussion topics, each including an open question and follow-up questions to trigger further responses, with key discussion points written on a flip chart to guide discussions. Participants were also asked their degree of agreement or disagreement with a series of statements. The questionnaire is provided in Appendix 1 and more details are given by Kin et al. (2016) .
RESULTS
Water quality
Correlations between community group and council measurements of water quality variables were strong for temperature, conductivity, and visual water clarity (Pearson's r = 0.98, 0.996, and 0.93, respectively) but weak for nitrate, dissolved oxygen, and pH (r = 0.53, 0.4, and 0.2, respectively; Table 2 , Figs. 1, 2). Bias was minimal (bias correction factor > 0.97) for all but pH and dissolved oxygen. Although for pH and dissolved oxygen community groups achieved only weak correlation with councils, the average difference between community group and council measurements was only 0.39 for pH (i.e., less than 1 increment on the indicator strips) and 1.45 mg/L for dissolved oxygen. Further, community groups classified samples in the same NOF condition band as councils in 93% and 80% of cases for pH and dissolved oxygen, respectively (Table 2 ). For nitrate, community group data were weakly correlated with council data, and the average difference between community group and council data was high (49% of the measured value). With respect to NOF condition bands for nitrate toxicity, volunteers correctly classified samples in 65% of cases. For E. coli, correlation (0.89) was relatively strong and bias (0.994) minimal. Community group counts differed from council counts by 50% on average, but were in the same NOF condition band in 83% of cases.
Periphyton
When the thick growth form categories (filaments, mats, and sludge) were combined, the correlation between community groups and councils was 0.93 (Table 2 ; Fig. 2 ). The correlation for PeriWCC scores was 0.64, and community groups assigned PeriWCC scores to the same NOF condition band as councils in 25 of 32 cases (78%). Correlations between community groups and councils for individual periphyton growth forms was much poorer (r = 0.13, 0.62, 0.51, and 0.1 for filaments, thick mats, thin films, and sludge, respectively). 
Benthic macroinvertebrates
Community group WMI scores agreed reasonably well with council MCI scores (Pearson r = 0.85; Table 2 , Fig. 2 ), differing, on average, by 12%. Community groups classified streams in the same condition band as councils in 17 of 33 cases (52%), and in 15 of the remaining 16 cases, the difference was only one condition band. Agreement between community group and council scores was slightly stronger for %EPT than for WMI/MCI (Table 2, Fig. 2), partly because of several cases where both groups recorded 0% EPT. The average difference between community groups and councils was higher for %EPT (27%) than for WMI/MCI (12%).
Ecology and Society 21(4): 32 http://www.ecologyandsociety.org/vol21/iss4/art32/ Physical habitat For site-averaged scores, the strongest correlations between community groups and councils were for channel alteration and the riparian components (vegetation, buffer width, and shading), while the lowest were for aquatic animal habitat, bank stability/ erosion, sediment deposition, and flow types (Table 3) . The correlation for overall habitat score was moderate (r = 0.7 between individual assessments and r = 0.75 between site averages). For some variables (bank vegetation, channel alteration, flow types, riparian buffer width/intactness, riparian shade, overall score), when repeated assessments for a site were averaged over the period (column 2 Table 3 ), the correlation between community groups and councils was stronger than when the data set consisted of individual assessments. This suggests that a more accurate assessment of a site is obtained when multiple assessments by one or more observers are averaged.
Standard deviations (for repeated assessments of same variables) for council data were similar overall to those for community group data (Table 3) . Because these variables (except for fine sediment deposition) were not expected to change between observations, standard deviations were interpreted as a measure of observer (or group) consistency over time.
DISCUSSION
Reliability of volunteer stream monitoring
We found correlations ≥ 0.85 and little bias (consistent over-or underestimation) between community group and council data for most of the water quality and biological variables, but weaker correlations for the physical habitat variables. For water quality variables with established condition bands separating "healthy,̵ "slightly impacted," "moderately impacted," and "unhealthy" streams, community groups classified streams into the same band as councils in a high percentage of cases. For the macroinvertebrate biotic index the percent agreement was lower, but differences were almost always only one condition band; the average difference in index score between community groups and councils was 12%. The strongest agreements between community groups and councils were for water temperature, electrical conductivity, visual water clarity, and cover of thick periphyton growths.
Other studies comparing volunteer to professional water quality measurements have shown generally similar results to ours, but most are hard to compare directly because of differences in study design, equipment, and analysis methods. The majority (Nicholson et al. 2002 , Shelton 2013 , Dyer et al. 2014 have reported good agreement between volunteers and professionals for temperature, electrical conductivity, and pH, but poorer agreement for dissolved oxygen and water clarity or turbidity. In contrast, Coates (2013) showed poor agreement between New Zealand community groups and councils for pH, conductivity, and clarity, and good agreement only for temperature. It is important to note that, except for Shelton (2013) , these studies were retrospective analyses of previously collected data, rather than true parallel monitoring studies, therefore they were only able to detect overall bias or differences in variance between volunteer and professional data, not pairwise differences. In our pairwise comparison, community groups showed little bias compared with councils for most water quality and biological variables.
We had expected volunteer E. coli measurements to be only moderately correlated with council measurements because of the relatively high competency required for microbial testing and the high natural variability of bacteria counts in water, so we were surprised by the strength of the correlation. Au et al. (2000) also found a strong correlation (> 0.97) in total coliform counts between school students and a professional. E. coli is a key reporting variable that, with visual clarity, strongly affects suitability for recreation (Nagels et al. 2001 , MfE 2014 and was one of the variables of greatest interest to our volunteers. In this regard, the ability of volunteers to reliably measure both faecal pollution and visual clarity, and thus assess recreational suitability, is strongly empowering.
For macroinvertebrate metrics, the correlations between community groups and councils in our study (0.85 for MCI and 0.88 for %EPT) are comparable to those in other studies (though note that correlation coefficients depend on the data range). Volunteers in Virginia (USA), using a multimetric index, achieved correlations with a professional index between 0.69 (Engel and Voshell 2002) and 0.91 (Gowan et al. 2007 ), while in seven sites near Seattle (USA), macroinvertebrate metrics based on volunteer identifications were highly correlated (r > 0.92) with those based on professional identifications of the same samples (Fore et al. 2001) . The correlations in our study were stronger than those found by Moffett and Neale (2015; r = 0.54 and 0.58 for MCI and %EPT, respectively) in a retrospective analysis of 21 sites (samples taken at different times in somewhat different locations) across Auckland City, New Zealand. In Storey et al. ( in press) we analyze the macroinvertebrate data in greater detail.
Periphyton cover and physical habitat assessments require a high degree of observer judgment. The data and feedback from community groups indicated observers had difficulty in assigning periphyton growth form categories. However, the strong agreement between volunteer and professional assessments of the percent cover of the thicker growth forms combined is encouraging because periphyton is a highly visible characteristic Ecology and Society 21(4): 32 http://www.ecologyandsociety.org/vol21/iss4/art32/ that strongly affects public perceptions of stream health, visual appeal, and suitability for recreation (Suplee et al. 2009 , Matheson et al. 2016 .
Our physical habitat data suggest that variability among observers (and possibly even for a single observer over time) is as high for professionals as for volunteers. The variability among professional observers in our study (average range of 0.15 among sites) was similar to that found by Clapcott (2015) among professionals using the same Rapid Habitat Assessment method. Overseas studies (Roper and Scarnecchia 1995, Poole et al. 1997) confirm that professionals often vary widely in their visual assessments of stream habitat.
In summary, volunteer water temperature and electrical conductivity appear to effectively replicate professional results, and after quality assurance, councils could probably use these data alongside their own. Volunteer visual clarity, E. coli, MCI, and periphyton data should be treated more cautiously because of their somewhat weaker correlations with council data, but could be used to support council data in reporting, planning, or research. Volunteer dissolved oxygen, nitrate, and pH measurements, though they may be improved with further refinement of methods, are currently useful only to detect gross effects or to indicate where further investigation is needed. Visual assessments of physical habitat appear challenging for both professionals and volunteers, and further research is needed to determine whether consistency can be improved by better training and/or cross-validation among observers.
Support for community groups
Our experience from the study, and feedback from the community groups, highlighted several forms of support that contributed to the data quality obtained here. Obvious forms of support included training and instruction guides. Quality assurance (data checking and discussion with the groups as data were submitted) frequently identified issues that would have otherwise led to significant inaccuracies. These forms of support are known to increase the quality of volunteer data (Penrose and Call 1995 , cf. Gowan et al. 2007 , Nerbonne and Vondracek 2003 , Sharpe and Conrad 2006 , but also, we found, increased volunteers' confidence in their data and hence their motivation for continuing. Less obvious were the "softer" forms of support that maintained volunteer enthusiasm. Volunteers were strongly encouraged by interaction with scientists, and identified "learning" as one of the main rewards of taking part in the study. Interactions with their local council were also important, particularly where they felt the council had a genuine interest in their results, because volunteers were strongly motivated by a desire to "make a difference." This desire also meant they wanted to share their results and monitoring stories with others. Finally, mutual support within the group, expressed as friendship and sense of shared purpose, contributed strongly to maintaining the monthly monitoring schedule (Kin et al. 2016) . This feedback indicates that community monitoring could be supported by a web site where monitoring groups could upload and share data, receive training, and share ideas, questions, and observations. However, web-based interactions should not replace face to face contact with scientists, councils, and the local community. Data quality and continuity will likely be much higher where these forms of support are in place (Whitelaw et al. 2003, Conrad and Hilchey 2011) .
Potential to enhance freshwater decision making
Feedback from the community groups in this study indicated that participating in monitoring increased volunteers' understanding of the science process, their knowledge of, and attentiveness to, freshwater issues, and their awareness of the ecology of local fresh waters (see Kin et al. 2016 for details). Similar findings have been reported in other studies of community-based monitoring (Evans et al. 2005 , Bonney et al. 2009 , Devictor et al. 2010 , Conrad and Hilchey 2011 . In these ways, their knowledge of local freshwaters became more specific, and therefore more useful for effecting positive change. Though only a minority of participants said they would engage in council-led planning processes, some felt more likely and better-equipped to engage as a result of their monitoring experience. Furthermore, almost all participants had used the monitoring as an opportunity to talk about freshwater issues with others in their communities, thus arguably increasing the ability of local communities overall to engage knowledgably in freshwater planning Hilchey 2011, Stepenuck and Green 2015) . All community groups had developed closer relationships with their councils through the monitoring.
Although in some countries governments have developed systems for integrating community monitoring data into resource management (Whitelaw et al. 2003, Weston and Conrad 2015) , there are few examples of governments engaging community monitors in decision making , Sharpe and Conrad 2006 , Conrad and Hilchey 2011 , Dyer et al. 2014 , Stepenuck and Green 2015 . We anticipate that community groups could bring their own monitoring data to freshwater planning processes, able to discuss it in the context of council data.
CONCLUSIONS
Public participation in freshwater monitoring is growing around the world. We conclude, like others (Fore et al. 2001 , Sharpe and Conrad 2006 , Gowan et al. 2007 , Dyer et al. 2014 , that given appropriate support, volunteers can collect good quality monitoring data for a number of water quality and biological variables, and that their data could be used to augment council data in statutory State of Environment reporting and freshwater planning. Volunteer data are potentially effective in filling the data gaps that hamper effective freshwater decision making in New Zealand, where recent policy changes require greater data coverage, and in other countries . Further, community-based monitoring increases volunteers' awareness of their local fresh waters, their understanding of stream ecosystems, and their awareness of localand national-scale freshwater issues, and improves their relationships with councils. As volunteers discuss their monitoring within their local communities, some of these benefits extend beyond the monitoring group. These benefits may help councils achieve another requirement of New Zealand's freshwater reforms, that of increasing community involvement in freshwater decision making. THANK YOU FOR YOUR TIME!
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